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during the whole of their career; they were atoms before they
passed through the cathode and continue in this state after
emerging from it; the atoms with the smaller velocity were
part of a charged molecule before passing through the cathode;
the molecule would only acquire a velocity 1/^/2 that of
the atom. After passing through the cathode and before
being deflected by the electric and magnetic fields this charged
molecule breaks up into two atoms, one with a positive charge
while the other is uncharged.

The Doppler effect we have been considering is that shown
by the " series spectrum " of hydrogen. In addition to this
spectrum, hydrogen gives a second spectrum containing a great
number of lines, and this spectrum is developed, though
not so brightly as the series spectrum, when positive rays pass
through hydrogen. Stark1 has shown, and his results have
been confirmed by Wilsar,2 that the lines in the second spectrum
of hydrogen do not show the Doppler effect with the positive
rays. We infer from this that the second spectrum of hydrogen
is not due to any of the constituents of the positive rays,
which were present in Stark's or Wilsar's experiments. We
shall return to the question of the origin of the second spectrum
later on.

Another illustration is the case of oxygen. Oxygen gives
a series spectrum, a spark spectrum which has not been
resolved into series, and some banded spectra. All these
spectra are emitted when oxygen positive rays pass through
oxygen, the spark spectrum being the brightest. With oxygen
it is the spark lines that show the Doppler effect. Wilsar
and Paschen could not detect any such effect with the series
lines. Stark, however, who used very large dispersions, found
the effect in some of the lines; the intensity of the displaced

1 Stark, :" Ann. der Phys.," 21, p, 425, 1906.
a f< Ann. der Phys,/* 39, p. 1251, 1912. 1910.lowing the current will come to the surface of the glow-e mica screen to put the iron in a closed tube and attach the mica strip to the
